A full-length cDNA encoding rat type 2C (IA) protein phosphatase was isolated from a kidney cDNA library. The cDNA was identified by screening the library with oligonucleotides based on a partial amino acid sequence determined from purified rat liver phosphatase. This clone is 2.35 kilobase pairs long and has a single extended translation reading frame that predicts a 382-amino acid protein of 42,416 daltons. The deduced amino acid sequence contains segments corresponding to three peptides from rat liver type 2C protein phosphatase and two peptides from rabbit skeletal muscle type 2C phosphatase. Rat kidney type 2C protein phosphatase is distantly related to yeast adenylate cyclase but is not related to the catalytic subunits of two other protein phosphatases (types 1 and 2A).
Protein phosphorylation plays a key role in the regulation of cellular functions. Although most studies focus on protein kinases, the importance of protein phosphatases in the phosphorylation/dephosphorylation cycle has been well documented (1) . In this context, we previously reported the purification and characterization of three types of cytosolic rat liver phosphatases, types IA, IB, and II (2) (3) (4) (5) . These enzymes were later independently identified and named types 2C, 2A1, and 2A2, respectively (6) . Since this later nomenclature is more widely used, we have adopted it in this report. The type 2C enzyme (Mr 42,000-48,000) is monomeric and requires Mg2+ for activity (4, 5) . Types 2A1 and 2A2 are heterooligomeric and have two common subunits termed a (Mr 35,000) and ,8 (Mr 69,000); the a subunit is the catalytic moiety (2, 3) . Type 2A1 has a third subunit, y (Mr 58,000). The functions of the P and y subunits are unknown. Although the type 2C enzyme was originally thought to be specific for glycogen synthase (7, 8) , it was later shown that this enzyme is active with a wide variety of substrates, at least in vitro (5, 6) . Neither the role of this enzyme in dephosphorylation in vivo nor the mechanism of its regulation has been described to date. To further understand the biology of the type 2C phosphatase, we undertook the molecular cloning of its mRNA.t# MATERIALS AND METHODS Isolation and Sequence Analysis of Peptides. Type 2C protein phosphatase was purified from rat liver as described (4, 5) . The purified protein (100 ttg) was digested with trypsin and the resulting peptides were purified by HPLC (9) . The peptides were sequenced by automated Edman degradation (10) .
Oligodeoxynuclegtide Synthesis. Oligonucleotides encoding regions of amino acid sequence were designed using the consensus rules ofLathe (11) and synthesized on a BioSearch 8600 synthesizer.
Cloning. The rat liver and kidney libraries were constructed and screened as described (12, 13) . The EcoRI inserts were subcloned into pGEM-series plasmids (Promega Biotec) and DNA sequence was determined by the dideoxy chain-termination technique of Sanger et al. (14) after construction of a series of nested deletions. In some cases, the dGTP analogue 7-deaza-dGTP (Toyoba, Osaka, Japan) was used to reduce band compression in G+C-rich sequences (15) .
RESULTS

Amino Acid
Sequencing. Attempts to analyze the amino terminus of the type 2C phosphatase failed, presumably because the amino terminus is blocked. Tryptic peptides were therefore generated and isolated by reverse-phase HPLC, and limited amino acid sequence was determined from several of these by automated Edman degradation. The most probable nucleotide sequences encoding two of these peptides (Op-1 and Op-2) were determined using the rules of Lathe (11) and their complements were synthesized. The amino acid sequences of the peptides and the sequences of the corresponding oligonucleotides (On-1 and On-2) are presented in Table 1 .
cDNA Cloning. The two oligonucleotides were labeled with phosphorus-32, mixed together, and used to screen ,106 phage plaques from a rat liver cDNA library (12) . Phage DNA was purified from 16 #1The sequence reported in this paper is being deposited in the EMBL/GenBank data base (accession no. J04503).
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DISCUSSION
Our identification of cDNA clone pST-11 as encoding rat kidney type 2C protein phosphatase mRNA is based on the observation that two peptide sequences derived from the highly purified rat liver protein were identical to regions of the deduced protein, and a region similar to a third peptide sequence (75% identity) also was predicted. Furthermore, the size (382 amino acids, 42,416 daltons) of the predicted protein agrees well with the observed molecular weight (Mr 42,000-48,000) from SDS/polyacrylamide gel electrophoresis (4, 5, 22, 23). The 2.35-kbp cDNA pST-11 is likely to be full-length because it hybridizes to a single, 2.4-kb poly(A)+ RNA species from rat liver and kidney.
Cohen and colleagues recently reported the purification of two isozymes of rabbit skeletal muscle type 2C protein phosphatase (23) and determined the amino acid sequences of two peptides derived from each isozyme (16) . Both peptide sequences of one isozyme (subtype 2C1) are accurately predicted by our cDNA pST-11 (Fig. 2) . This finding lends further credence to our identification of this cDNA as encoding a type 2C protein phosphatase and shows unequivocally that our type IA and Cohen's type 2C phosphatases are the same protein. We note that one of the peptide sequences that we determined from rat liver type 2C phosphatase (peptide Op-4) was not found in the predicted amino acid sequence of cDNA pST-11, nor was a second pair of peptides identified by Cohen's group (isolated from isozyme 2C2) found in our cDNA-derived sequence. These missing pep- Nucleotide and predicted protein sequence ofcDNA pST-11. The 2.35-kbp rat cDNA insert ofpST-11 was removed from AgtlO DNA by partial EcoRI digestion and subcloned into the same site in plasmid pGEM-7Zf(+). The nucleotide sequence along both strands of 1602 contiguous nucleotides was determined by the dideoxy chain-termination method (14) after construction of a series of nested deletions. The amino acids are given in one-letter code under the nucleotide character strings. The peptide sequences overscored correspond to peptides Op-2 (residues 34-43), Op-3 (residues 128-135), and Op-1 (residues 1%-203). The underscored regions correspond to the sequences of peptides CB-1 (residues 116-145) and CB-2 (residues 335-370) (both from isozyme 2C1) described by another group (16 (24, 25) , rabbit (26) , porcine (27) , or human were further differentiated into types 2A, 2B, and 2C (our (28) perhaps a more meaningful classification would be based on sequence homologies and thus awaits the molecular description of type 2B phosphatase.
A global search of protein phosphatase type 2C against all known protein sequences by the FASTP algorithm (18) detected a similarity with yeast adenylate cyclase (22% identity in a 305-amino acid overlap, Fig. 3 ). The similarity score, percent identity, and the results of the RDF2 analysis all suggest that the type 2C protein phosphatase and yeast adenylate cyclase share a common ancestor. It is intriguing that the region of similarity overlaps a portion of the yeast adenylate cyclase catalytic center; perhaps this homology reflects the Mg2+ requirement of these two enzymes.
